and also close to 192 h.a.i. when the fungus reaches the uredinia (urediniospores) production stage [26] . For each genotype and each time point, leaves of control plants (mock: non-inoculated) were also collected. Eight treatments were analyzed, with three biological replications for each treatment.
Protein extraction
Leaf protein extraction was based on the SDS/phenol method [28] with some modifications. The leaves (2-3 g) were powdered in the presence of liquid N 2 in a mortar and pestle. The powder was transferred to a 50 mL Falcon tube. After N 2 evaporation, 20 mL extraction buffer (1% polyvinylpolypyrrolidone, 2% β-mercaptoethanol, 1mM phenylmethylsulfonyl fluoride (PMSF) in cold acetone) were added to the tube. After brief vortexing, the mixture was sonicated at 30% of the maximum power of the UltraSonic Processor Model GE-50 (Thomas Scientific, Swedesboro, New Jersey, USA) (amplitude of 70 dB) and centrifuged at 6,000 g, at 4 ºC, for 15 min. The pellet was washed successively in acetone (twice), 10% trichloroacetic acid (TCA) in acetone (four times), 10% TCA in water (twice), 80% acetone (twice) and 80% ethanol (once), and dried overnight at room temperature. For the washes the pellet was resuspended by vortexing and centrifuged at 6,000 g, for 10 min, at 4 ºC.
The final pellet obtained was resuspended in 10 mL dense SDS buffer (0.75M sucrose; 2% sodium lauryl sulfate (SDS); 0.1M Tris-HCl, pH 8.0; 2% β-mercaptoethanol; 1mM PMSF) and kept at room temperature for 10 min. The mixture was transferred to a 15 mL Falcon tube to which 5 mL buffered phenol (pH 8.0) were added. The mixture was kept on ice for 10 min. During this period the mixture was vortexed three times for 30s each time and then centrifuged at 6,000 g for 10 min, at 4 ºC. The phenolic phase was transferred to a fresh 50 mL Falcon tube to which 20 mL 0.1M ammonium acetate in methanol were added.
After 30 min at -20 ºC, the tube was centrifuged at 6,000 g for 15 min, at 4 ºC. The pellet obtained was washed as previously described in 0.1M ammonium acetate in methanol (twice), 80% acetone (twice) and 70% ethanol (once). The final pellet was dried at room temperature overnight, resuspended in sample buffer (7M urea, 2M thiourea and 4% (3-[(3-cholamidopropyl)-dimethylammonio]-1-propane sulfonate (CHAPS)) and sonicated at 10% of the maximum power of the UltraSonic Processor Model GE-50 (Thomas Scientific, Swedesboro, New Jersey, USA). The Bradford Method [29] was used for protein quantification and the protein extract was stored at -80 ºC.
use of fungicides which increases production costs and harm the environment [7, 20] .
However, genetic resistance is the most effective and inexpensive measure for disease control [7] . Understanding the molecular, physiological and cellular mechanisms involved in the soybean response to this pathogen is an excellent strategy to screen genes involved in the activation of metabolic pathways related to the defense of the host to the pathogen.
Understanding the host responses at the molecular level is certainly essential for effective control of the disease, and the molecular basis for rust resistance remained largely unknown in soybean [21] . The study of soybean genes that are differently expressed as a response to P. pachyrhizi can aid the identification of important genes involved in the resistance response and provide tools for genetic breeding programs for creation of soybean cultivars resistant to ASR [22, 23] . Although molecular studies are being conducted on this pathosystem, there is still little information on the molecular basis of this interaction [21, [24] [25] [26] . To develop rust-resistant soybean cultivars, a better understanding of the molecular basis and essential genes involved in defense responses is a key to control this disastrous disease [21] .
The proteome can be defined as the set of proteins present in a tissue, cell or biological system in a given moment of cell life, or as the profile of cell proteins expressed by the genome of an organism under a determined physiological situation. As a result of this interaction, twelve differentially accumulated proteins were detected and identified in this study. These proteins participate in metabolic pathways related to plant defense to pathogens.
Methods

Plant material and inoculation
Seeds of the genotypes used in this experiment were provided by the Soybean Active Germplasm Bank of Embrapa 
In-gel protein digestion
The regions containing the gel spots corresponding to the differentially accumulated proteins were removed from the gel and the proteins were submitted to trypsinolysis [32] 
Isoelectric focusing (IEF)
IEF was conducted in the equipment IPGphor III (GE Healthcare, Piscataway, NJ, USA). Electrophoresis conditions were according to the GE Healthcare Handbooks [30] , with some modifications:
1) 200 V for 18 h; 2) 500 V for 1 h; 3) 800 Vh in gradient until 1,000 V; 4) 16,500 Vh in gradient until 10,000 V; 5) 27,000 Vh in one step of 10,000 V. After the IEF, the strips were stored at -80 ºC until the second dimensional electrophoresis.
Equilibration of the gel strips
After the IEF, the strips were equilibrated in 10 mL equilibrating buffer (75mM Tris-HCl, pH 8.8, 6M urea, 29.3% glycerol, 2% SDS and 0.002% bromophenol blue) in two 30-min stages in order to reduce and alkylate the proteins. In the first stage, 180 mg dithithreitol (DTT) were added to the equilibrating buffer. In the second stage, 430 mg iodoacetamide were added to 10 mL fresh equilibrating buffer [30] . The strips were then briefly incubated in 1X running buffer [31] and submitted to the second electrophoresis dimension (SDS-PAGE).
Electrophoresis in polyacrylamide gel (SDS-PAGE)
The second dimension electrophoresis was based on Laemmli (1970) [31] in a 12.5% polyacrylamide gel (30% acrylamide, 2.6% N,N'-methylenebisacrylamide), in a DaltSix unit (GE Healthcare, Piscataway, NJ, USA). Separation was performed at 10 mA/gel for 45 min and then at 40 mA/gel until the bromophenol blue reached the gel lower limit. The temperature was kept at 8 ºC using a thermostatic circulator.
Analysis of the spots
The 2D gels were stained with coomassie blue G-250 [30] . They The levels of this protein are highly regulated in response to a wide variety of extra-cellular signals and cellular conditions [36] .
Several studies found changes in TCTP transcript or protein levels under diverse physiological conditions, such as light, aluminum stress, cold stress, Agrobacterium tumefaciens-mediated transformation, egg cell fertilization, or water deficit [37] [38] [39] [40] [41] [42] .
TCTP operates in various cellular processes like microtubule organization and ion homeostasis [36] . Studies have mentioned that it is capable of binding with tubulin as well as with calcium [43] [44] [45] . It is synthesized in mitotically active tissues, showing reduced accumulation in cells that are not actively dividing [46] . According to Li et al. (2001) [47] , this protein has also antiapoptotic functions. Programmed cell death (PCD) is an orderly process of cellular suicide that requires active gene expression [48] . In plants, it has been suggested that PCD is part of the plant response to pathogen invasion, causing the formation of a localized lesion of dead cells that limits cell-to-cell transfer of the pathogen in a process known as the HR (hypersensitive reaction) [49, 50] . The reduced level of TCTP found in leaf cells of the genotype PI561356 72 h.a.i. with P. pachyrhizi found in this study, evidences the occurrence of HR by the PCD bearing in mind the functions proliferative and anti-apoptotic of the TCTP.
We could speculate that a lower level of TCTP as a response to inoculation could be a physiological and cellular response to induce apoptosis in sites near injuries caused by the pathogen.
In the present study, the enzyme fructose-bisphosphate aldolase, which is part of the pentose phosphate pathway, showed increased levels in plants of genotype PI561356 72 h.a.i..
In fact, the spot corresponding to this enzyme was not detected solution was removed and added to the tube containing the first round extract. The samples, containing tryptic peptides, were concentrated until about 10μL in a SpeedVac and later desalted in a Zip Tip C18 column (Millipore, Billerica, MA, USA). 
Mass spectrometry and protein identification
Results
At the time point of 72 h.a.i., 716 well resolved spots on average were detected in the six gels loaded with total proteins from the susceptible soybean genotype Embrapa 48 (inoculated and mock plants). The number of matches was 580, but no spot with significant variation in %Vol were detected. In the case of resistant genotype PI561356, 711 well resolved spots were detected, with 552 matches, of which 13 showed significant variation in %Vol and nine were identified using high quality MS spectra (Table 1 and Figure 1A ): translationally controlled tumor protein (TCTP), gamma-glutamyl hydrolase, small subunit ribosomal protein S1, elongation factor 1-alpha, three binding proteins to Rubisco subunit beta, glutamine synthetase and fructose-bisphosphate aldolase.
At the time point of 192 h.a. The pentose phosphate pathway is one of the main routes for the production of phenolic compounds [26] , which are responsible for activation of defense mechanisms. Tremblay et al. (2010) [26] in mock plants. This might have been due to limitations of the 2D electrophoresis technique that tends not to allow detection of low abundance proteins [30] . It is also conceivable that the concentration of this enzyme in mock plants was below the limits 
The indexes "i" and "n" indicate that the plants have been inoculated (i) or non-inoculated (n: mock) with P. pachyrhizi. B: Spots corresponding to proteins differentially accumulated in susceptible genotype Embrapa 48 192 h.a.i. The symbols are as follows: 10i and 10n: glyceraldehyde-3-phosphate dehydrogenase subunit A; 11i and 11n: 1-deoxy-D-xylulose-5-phosphate-reductoisomerase (DXR); 12i and 12n: carbonic anhydrase. The indexes "i" and "n" indicate that the plants have been inoculated (i) or non-inoculated (n: mock) with P. pachyrhizi.
Brought [76] , examining the effects of redox modifications in the activity of the chloroplast isoform of GAPDH from Arabidopsis thaliana showed that this enzyme was inhibited by oxidants like H 2 O 2 . It is plausible to speculate that the increased GAPDHa 
